INTRODUCTION
Providing information to local health planners, implementers, and donors about the trends in health indicators they are trying to improve is crucial for evidence-based programming and appropriate management responses. While service statistics are essential for monitoring service delivery, quality, continuity and can provide some information on reach of services, population-based health surveys are essential to estimate population health status, evaluate progress over time as well as provide a range of socioeconomic correlates, especially in low-and middle-income settings where governmental HMIS and vital registration are not adequate.
We compare the use of small-to-mid-size population surveys with large national-to-regional health surveys, such as the Demographic and Health Sur-
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Anne C. Langston 1 , Debra M. Prosnitz 2 , Eric G. Sarriot population-based surveys are consequently grossly underutilized by implementers and researchers. "At this level (district), all we have to use is health service data," is the misleading maxim, which still dominates technical discussions in health information, monitoring and evaluation circles. This practice bias about small population surveys can be illustrated by their absence from guiding documents on the monitoring and evaluation of health programmes (4).
Our objective is not to oppose small surveys to large national surveys, which are a basis of essential information for national and global health programmes and policy-makers, neither do we ignore the limitations of small surveys (see 'Discussion'). We report on a unique opportunity for a real-life comparison opposed to computer simulation (5) between a knowledge, practice and coverage (KPC) survey and data from Rwanda DHS (RDHS) to disprove the suspicions against small surveys and then discuss when and how small surveys should be considered to have a high value for health information at multidistrict to subdistrict levels.
Population surveys and the level of management response
DHS and MICS (6) represent high standards for health data and can be used for assessing global and national trends in health but rarely below national and regional levels. They offer comparability across regions and countries and high confidence levels for difficult measures, such as mortality indicators. Additionally, these allow a deep and wide database for countless studies on health determinants and drivers of change in population health. Each level of disaggregation allowed by a national survey (regional, province, or district) comes with additional costs, and DHS or MICS usually stops at regional level, with some exceptions.
In the context of health system decentralization and possibly localization (7), programme orientations and management decisions lie increasingly at the district level. Non-governmental organizations (NGOs), bilateral or multilateral projects can and often intervene at the national or policy levels but predominantly work with districts in implementation or technical assistance. At this level, service statistics are an important tool but are widely insufficient to inform district managers on population health status and intervention coverage, and this information gap cannot be bridged by reports of regional averages. This leads to tremendous challenges in providing monitoring signals that may indicate successes or need for change or improvement for interventions at the district level. Projects, sometimes, try to attach themselves to DHS documents to report on progress on health outcomes but this has rarely worked in our experience due to timing of both surveys and survey reports as well as the level of data disaggregation available.
To be most useful, indicators need to be measured at the operational level in ways that are inexpensive and adapted to specific programme needs. Small population surveys can be used at the subnational level to capture baseline data and measure and report on progress specific to their project area (1, 8, 9) . We have repeatedly seen district managers more ready to energize their staff when they are provided with information relevant to their level of decision-making. As initiatives for outreach, quality improvement, or innovations happen with timeframes based on partnership agreements and access to resources, small population surveys also allow pre-post measures on an as-needed basis.
Public health managers are too often working 'blindfolded' regarding population health status: "We're waiting for the results of the last National Health Survey for our Province but we really don't know how we compare to the Province as a whole really. It's difficult to set priorities and even more difficult to know if we've been successful." (1) The knowledge, practice and coverage survey (KPC) was developed to enable programme managers and local authorities to make decisions based on contextually meaningful information.
The KPC is an example of a small population survey method used in estimating levels of and changes in many standard maternal and child health indicators (9). The KPC tool consists of seven modules aligned with technical areas (e.g. sick child and immunization), from which implementing organizations can choose; each contains a questionnaire, key indicators, tabulation plans, and instructions. It is implemented using either a cluster or stratified sample design. The KPC is a tool and process designed to promote local participation in identifying health priorities, ownership of data at local levels, and the use of data for decision-making at local levels. It became a requirement for USAID-funded child survival programmes in 1991 and has since improved the ability of projects to identify priorities, use data to define objectives, and measure progress towards objectives (10).
We frame our study and discussion by comparing KPC and DHS data as illustrations. Additionally, recent work using the Lives Saved Tool (LiST) has shown how the results of KPC surveys can be used for providing estimated child mortality rates and change in child mortality over time. (11) Our study addresses the first obstacle to recommending or implementing KPC surveys in the field: the never written but often-stated assumption that KPC data (small surveys in general) are not reliable and lack quality.
Background
One project, which used a KPC survey as a baseline and endline measure of progress, provided the first data elements for our study. 
MATERIALS AND METHODS
We compared indicator estimates from the 2010 RDHS and 2011 KPC surveys. Table 1 summarizes the characteristics of the two surveys, which occurred less than a year apart. Although the DHS was designed primarily to produce national and regional estimates, the 2010 RDHS enumeration areas were stratified at the district level. This allowed matching geographic areas between the two surveys and yielded enough power for RDHS estimates for the six districts supported by Kabeho Mwana.
Method of the KPC survey
Sampling: A stratified sample design was used, with a sample-size of at least 100 for all of the key programme indicators, allowing for calculation of the point estimates with a 95% confidence interval of no more than ±10%, depending on the indicator. A secondary objective of the sampling strategy was to evaluate variation between districts and identify any significantly low-performing districts using LQAS. For this purpose, a minimum sample-size of 19 per district was required. A total of 20 villages per district were selected for a sample-size of 120 households with living children below 2 years and 395 children under 5 years, who were ill in the two weeks prior to the survey.
Twenty villages per district were first selected with probability-proportional-to-size using lists of all villages in the six districts, along with their population-size obtained from the National Institute of Statistics. Chiefs of the selected villages were then contacted to obtain a complete listing of all households. From that list, a single household was selected as a starting point, using a random number between one and the total number of households in the village.
To get enough power for analysis of key indicators, data-collection teams carried out parallel sampling (15) of the following two groups:
Mothers of a child aged 0-23 month(s), who • were asked questions on maternal health and health promotion measures, such as breastfeeding, bednet usage, and vaccinations
Mothers of a child aged 0-59 month(s), who • had been sick with any of three conditions of interest in the last two weeks.
Interviewers first visited the household selected at random. Here, they looked for eligible participants; if none was found, they continued to the next closest household. Only one of each type of interview was conducted in a household but information on multiple conditions could be collected for each sick child. If more than one child was found to meet the criteria in the household, a coin was flipped to choose which would be used for data collection. After completing the questionnaire in a household, the team proceeded to the nearest household to complete the remaining quota of interviews. Interviews were conducted in one to four households per village, depending on the number of conditions of interest found in each household. A more detailed description of the survey methodology, tools, and sampling frame is available as an annex to the Kabeho Mwana final evaluation report and upon request. Information was collected on a total of 120 children aged 0-23 month(s) and 395 children aged 0-59 month(s), who had been sick in the last two weeks.
Implementation:
The survey received approval from the Rwanda National Ethics Committee prior to beginning of data collection.
Ten data-collection teams were formed, with one project staff member and one representative from the Ministry of Health. At least one member of each data-collection team had prior experience on administering surveys. On average, it took a total of two days for five teams to visit the 20 selected villages in each district. Team members worked outside of their usual area of responsibility to minimize conflicts of interest.
Leaders of the survey team received a two-day training on the indicators, survey principles, the rights of participants, the importance of obtaining written informed consent, and data-collection instruments and procedures before team formation. Team leaders, supervisors, and enumerators all participated in a three-and-a-half-day training, including detailed instructions on sampling, interviewing techniques, and practice with and field testing of the questionnaire and sampling methods.
There was one supervisor for every two datacollection teams, allowing them to visit selected villages regularly to verify adherence to the sampling protocol and observe data-collection. They were required to observe at least one interview per team per day and verify every data-collection form prior to the team's departure from the area.
Data-entry, cleaning, and analysis: Data-entry was done using a Microsoft Access database. The data were double-entered and checked for consistency. A number of validity checks were run as the first step in the analysis, with inconsistent answers verified using the paper forms. To the village level, the sample was self-weighting. During analysis, weights applied to account for the chance of a given household within the village being selected as the number of households per village varied considerably. When information about more than one of the three conditions of interest was collected in a village, weights were adjusted so that all cases of the condition in the village added up to one. All weighting was applied during the analysis, using the STATA survey functions. (16) Method of the RDHS Consistent with the standard DHS methodology, the 2010 RDHS used a stratified cluster-sampling strategy (17). The 2010 RDHS used the preparatory frame for the Rwanda General Population and Housing Census provided by the National Institute of Statistics of Rwanda. This sampling frame is a complete list of natural villages covering the entire country. From this, 492 villages were selected and stratified by district, after which a complete listing of all households in each village was made. From this list, 26 households per village were randomly selected. The sets of questionnaire used were adapted from the DHS standard questionnaire.
The coverage indicators for the project area were obtained from RDHS data available from the Measure DHS website (http://www.measuredhs.com/ Data), using recode documentation and processed using STATA (version 11) (16). Standard weights were applied.
Lives Saved Tool Modelling Method
Lives Saved Tool (LiST) is a cohort model of child survival from 0 to 59 month(s) of age that provides estimates of child mortality based on the standard child health indicators. It can also provide estimated child mortality rates at the intervention-or district-level, based on data from intervention area through surveys (i.e. KPC), which are not powered to provide direct mortality estimates. Version 4.48 of the LiST, updated in July 2012, was used for modelling. The software and Rwanda trend file were downloaded from the Johns Hopkins Institute for International Programs web site (18). The development of LiST, its structure, and assumptions are described elsewhere (19). It has been previously validated against Demographic and Health Surveys (DHS) (11).
Data used for modelling in LiST:
The Kabeho Mwana KPC survey collected population coverage data on 14 LiST interventions, nine of which had significant increases over the life of the project. When child health indicators included in LiST were not available for the project area or there was no significant change according to the KPC survey, corresponding national indicators for rural areas from the RDHS were used in the model. LiST estimates the value of nine other indicators from available data (e.g. LiST estimates coverage for syphilis screening from antenatal coverage). Data from two phases of the KPC, at project baseline and endline, were used. The KPC and RDHS data used for LiST modelling are summarized in Table 2 .
The effect-sizes used for all interventions were those already included in LiST by the Child Health Epidemiology Reference Group (20). The model was built on the LiST trend file for Rwanda (18) . The trend file includes the national cause of death profile, population structure, and fertility data from 2008. The background health status was adjusted to indicate the population as both vitamin A-and zinc-deficient and, per Rwanda's national policy, this indicates that intermittent preventive treatment for malaria in pregnancy (IPTp) is not being implemented.
The LiST model was run using under-five, infant, and neonatal mortality rates re-analyzed from the 2007-2008 Rwanda DHS for the Kabeho Mwana project area only (as described above).
Comparison of small (KPC) and large (DHS) population-based survey data
The sets of Kabeho Mwana KPC questionnaire were designed to collect a limited set of indicators relating to child health (Table 3) . For each of these indicators, equivalents were sought in the RDHS data for the same six districts. Table 3 compares the indicators and explains why several indicators were excluded from the analysis. In a few instances, the questions were simply not asked in RDHS 2010; in others, the definitions or screening questions used could not be reconciled. At the end, 15 out of 19 indicators collected in the KPC were matched with equivalent data from RDHS 2010. We used a 2-tailed t-test of the difference between means of KPC and RDHS estimates with alpha=0.05 to determine whether the results were significantly different.
Comparing mortality estimates as predicted by LiST and as measured by DHS
With coverage inputs from RDHS and the project's baseline and endline KPC surveys as described above, LiST produced an estimate of the under-five mortality rate for comparison to that measured in the project area by the RDHS for the same period.
RESULTS

Comparison of endline coverage estimates
The KPC and RDHS surveys produced comparable estimates for 10 out of 15 indicators: treatmentseeking for ARI, use of ORS, tetanus coverage in pregnancy, adequate birth spacing, exclusive breastfeeding, early initiation of breastfeeding, DPT3 coverage, measles vaccine coverage, vitamin A supplementation coverage, and bednet coverage (Table 4 ). Figure 1 shows the relationships between the means and the confidence intervals for those indicators found to be consistent.
For five indicators-treatment-seeking for fever, feeding during diarrhoea, liquids during diarrhoea, point-of-use water treatment, and skilled delivery attendance-the two surveys produced significantly different results. The scale and trend of these differences is shown in Figure 2 . These differences may reflect methodological inconsistency or actual differences in the population means. The latter interpretation is supported by the fact that the KPC data were collected three to nine months after the DHS; the last year of the Kabeho Mwana Project was a period of national and project-level acceleration in implementation, and all five KPC indicators provided higher estimates than the DHS.
Comparison of mortality estimates
The mortality rate estimated by LiST is nearly identical to the mortality rate measured by the re-analyzed RDHS (Table 5) . When area-specific baseline mortality data of the project were used from the re-analyzed RDHS to model-estimated mortality, based on changes in KPC data, LiST estimated 2011 under-five mortality to be 83 per 1,000 livebirths. The 2011 RDHS-measured under-five mortality was 83 per 1,000 livebirths. Treatment-seeking for fever* % children aged below 5 years with fever in the past 2 weeks, who were taken to an appropriately-trained care provider
Treatment for fever and ARI symptoms were asked simultaneously in the DHS while, in the KPC treatment, were asked separately for each condition
ARI antibiotic treatment* % children aged below 5 years with cough and respiratory difficulty or rapid breathing in the past 2 weeks, who were treated with antibiotics Treatment for fever and ARI symptoms were asked simultaneously in the DHS while, in the KPC treatment, were asked separately for each condition
Liquids during diarrhoeal episode* % children aged below 5 years with diarrhoea whose caregivers offered more liquid than usual to the child Sick child-feeding questions were asked at the beginning of the interview before asking the specifics of the condition
Feeding during diarrhoea* % children aged below 5 years with diarrhoea whose caregivers offered the same or more food than usual to the child Sick child-feeding questions were asked at the beginning of the interview before asking the specifics of the condition
ORT-use* % children aged below 5 years with diarrhoea in the past 2 weeks, who received oral rehydration therapy or recommended home solution Measles vaccination coverage* % of children aged 12-23 months, who received a measles vaccination
Vitamin A coverage* % of children aged 6-23 months, who received high-dose vitamin A supplementation within the last six months
Bednet coverage* % children aged 0-23 month(s), who slept under a treated bednet the previous night as reported by the caregivers
Handwashing % of children aged 0-23 month(s), whose caregivers can cite a designated site for handwashing, show soap at that site, and who wash their hands after using the toilet on at least one other key occasion KPC asked for handwashing place, did not require water, DHS did not ask about behaviour 
DISCUSSION
We draw three main lessons from this study and our experience. These are described below.
Lesson 1: The reliability of local estimates provided through small population-based scientific surveys, like the KPC, is demonstrated again
Our findings strongly support the comparability of the KPC survey with the DHS, with 10 out of 15 key coverage indicators having estimates comparable to the RDHS. The consistency of the results of the LiST model when the KPC results are entered further validates the KPC methodology and corroborates previous findings that local surveys can be used in estimating mortality and lives saved as a result of public health interventions (10, 20, 21) .
We have also identified cases of lack of congruence between KPC and RDHS measures. For 5 out of 15 indicators, we found significant differences between the KPC and the RDHS. We identified three possible reasons for these differences (only one related to the sampling approach): (i) the results may reflect actual changes in coverage in the three-to nine-month interval between the two surveys; (ii) it is possible that the KPC (because it did not rely on cluster sampling) might be more accurate, especially for the diseasespecific indicators; and (iii) the role of the KPC datacollectors in relation to the project as interviewers who were the project and MOH staff could also have resulted in biases both of expectation and of social desirability. Whatever the cause is, it is impossible to say which of the two surveys more accurately reflects the true population averages. Their proximity bolsters the validity of both methodologies.
Lesson 2: Survey work remains challenging and requires attention to quality, regardless of the scale of the exercise Some of the wrong assumptions about small population-based surveys come from a lack of distinction between 'rapid' knowledge surveys carried out ad-hoc without respect for appropriate sampling and research guidelines and scientific surveys, such as the KPC. We have specifically and only discussed the value of small population-based surveys following proper statistical sampling rules and respecting standards for the quality of collection, processing, and analysis of data. While implementation of the KPC took less time and produced results more rapidly than the more ambitious RDHS, it was far from 'rapid' or careless in its design and supervision.
The demonstrated validity of this particular KPC survey does not eliminate all concerns about the quality of surveys done without the rigorous central control and technical oversight, which characterizes the DHS (6). Rather, our study indicates that, with proper caution, respect for appropriate standards, and supervision (1,9), the risk can be mitigated.
Practitioners often forget that non-sampling errors are equally treated or are more frequent and critical than sampling errors in affecting the validity of survey estimates. The non-sampling errors which may have biased the estimates for some of the KPC indicators could be addressed by contracting with research firms, survey groups, or universities, rather than the implementing staff. However, this approach could have downsides in the lost opportunity to build capacity of staff and MOH and ownership of the data. In the case of Kabeho Mwana, however, training of data-collectors seems to have averted theoretical risk of a survey or response bias. Whatever approach is selected, it will be needed to balance available resources and costs against the real-world needs of managers and decision-makers.
Lesson 3: Cost needs to be considered in line with the appropriateness of the survey to the management questions
The KPC survey used in this study costs approximately US$ 25,400 to cover six districts in three regions and was representative of the entire estimated target population of 1.8 million. This is consistent with previous estimates that a one-district or one-area KPC survey will cost from US$ 15,000 to 25,000 in most countries (1). In contrast, a DHS survey costs upward of the quarter of a million dollars for obviously very different benefits. From a district management perspective, specific efforts to improve community health will require action on timeframes unrelated to national datacollection efforts.
The value of the KPC is ultimately rooted in its potential for providing local information to local actors, below regional levels, within a specific timeframe, which may not fit that of a national survey, even if it were to go to the expense of providing district estimates. In the context of the district system strengthening, shared national ownership, and decentralization, these are not marginal issues.
Reliability of KPC data
The KPC is demonstrated, in a real-world example, as a reliable tool to obtain subregional point estimates of health coverage and trends comparable to those obtained using the DHS methodology. It is a powerful tool for evidence-based programming, and, in a global context of increased demand for decentralization, accountability, and local ownership, local, national and global health practitioners should challenge their assumptions and consider why it remains underused. The following are the assumptions:
Concerns for quality of the data are legitimate • but we provide one more among many examples of appropriate and cost-effective use of the method to produce reliable coverage indicators at the population level. Moving the discussion from rejection of small surveys towards efforts to strengthen their more systematic use when appropriate and the continued promotion of best practices to ensure quality, would be a major step forward.
There has not been, to our knowledge, a sound • study for the cost of these surveys, and the cost-benefit of informing local district managers in progress towards population-based targets across a full range of primary care services. Neither is there evidence, however, for the frequent jump to the misled conclusion that "population surveys are too expensive." We would argue that the costs we report on would be reasonable for a large number of nationally-or internationally-funded programmes at the district level-the devil is in moving from assumptions to specifics. District managers strongly value this basis of information when it is provided to them (22, 23) .
We stayed clear of contrasting population-• based survey data with routine services data.
The assumptions that population surveys are expensive or unreliable combine with the need to provide information to decision-maker to make a case for investing in and relying on routine health information systems. Absent from this argument are the facts that: investing has a cost in time and funds, information systems have their own quality and reliability issues, and, last but not the least, provide substantially different information, most notably, entirely missing those who do not access services due to poverty or other forms of exclusion. Our objective is not to oppose those two sources of information but to stress that each source has its value added and that the balance of value-to-cost for small population-based surveys is underestimated due to assumptions that are not based on evidence.
Conclusions
Small population-based surveys, such as KPC, should be used more readily by subnational programmes to meet their specific needs. The validity and reliability and reasonable cost of small population-based surveys beg for their more frequent use to produce, at minimum, regular pre-post data to the managers of decentralized health systems and local project interventions.
